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Standard Kt/Vurea (stdKt/V) is a hypothetical continuous
clearance in patients treated with intermittent hemodialysis
based on the generation rate of urea nitrogen and the
average predialysis urea nitrogen. Previous equations to
estimate stdKt/V were derived using a fixed-volume model.
To determine the impact of fluid removal as well as residual
urea clearance on stdKt/V, we modeled 245 hemodialysis
sessions (including conventional 3/week, in-center 6/week,
and at-home nocturnal 6/week) in 210 patients enrolled in
the Frequent Hemodialysis Network Daily and Nocturnal
clinical trials. To examine the role of fluid removal, modeled
stdKt/V was compared to stdKt/V estimated from a previously
published simplified equation. In a subgroup of 45 sessions
with residual urea clearance over 1.5ml/min, the contribution
of residual urea clearance to stdKt/V was measured. For all
dialysis schedules, the fixed-volume equation predicted
stdKt/V well when both fluid removal and residual urea
clearance were set to zero. When fluid removal was included,
modeled stdKt/V was slightly underestimated for all three
modes of hemodialysis. The shortfall correlated directly with
weekly fluid removal and inversely with modeled urea
volume. Modeled stdKt/V compressed residual urea clearance
to about 70% of its measured value and the fractional
downsizing significantly correlated inversely with treatment
Kt/V. Our new equation predicted modeled stdKt/V with a
high level of accuracy, even when substantial fluid removal
and residual urea clearance were present.
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Dialysis dose and adequacy commonly have been measured
as Kt/Vurea per treatment session, in which K is the dialyzer
clearance of urea, t is the treatment time, and V is the patient’s
volume of urea distribution. Multiplying the treatment Kt/V by
the number of treatments per week overestimates the contribu-
tion of intermittent therapy, and hence a more conservative
method was developed to downsize weekly Kt/V to a value
comparable to that achieved in patients dialyzed continuously.
The new clearance was based on achieving equivalent average
predialysis blood urea nitrogen (BUN) concentrations, regard-
less of how many dialysis sessions are given per week.1 It was
calculated as G/(mean predialysis BUN), in which G is the
patient’s urea nitrogen generation rate. This has been called
‘standard’ clearance, or stdK,2,3 and it is usually expressed as
weekly stdK . t/V, in which t is the number of minutes in a week
(10,080) and V is expressed in ml.
Both of the original equations for estimating stdKt/V2,3
and a later simplified modification4 were derived from a
fixed-volume version of the urea kinetic model that under-
estimates the ‘true’ G/mean predialysis BUN when additional
solute removal occurs due to volume removal during
dialysis,4 and when fluid accumulation during the inter-
dialysis period lowers both the time-averaged and predialysis
urea concentrations. In addition, many hemodialysis patients
commonly have substantial residual native kidney urea
clearance (Kru). Kru exerts an effect to lower the predialysis
BUN, and hence it contributes importantly to stdKt/V. Gotch
and Keen5 proposed a series of fixed-volume equations to
add Kru to stdKt/V, but the additivity of Kru and stdKt/V has
not been studied using formal variable volume urea kinetic
modeling under a variety of different dialysis schedules using
actual patient data. The purpose of this study was to achieve
a better understanding of how ultrafiltration (UF) and Kru
affect the calculation of stdKt/V using a formal model of urea
mass balance, especially in comparison with existing methods.
RESULTS
Patient and treatment characteristics
Dialysis treatment characteristics from the selected sessions
are shown in Table 1.
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Accuracy of the simplified stdK/V estimate when both Kru
and UF are zero
In an initial analysis, we computed V and G for all 224 sessions
and then set both Kru and UF to zero. We then generated
a weekly BUN profile, and computed modeled stdKt/V as
G/(mean preBUN) under the new conditions. This was
compared with stdKt/V as estimated from the fixed-volume
equation, Equation 1 in the Methods section. Under these
conditions the estimated stdKt/V (mean±s.d.) was 3.46±1.30
and agreed almost perfectly with the modeled value (3.45±
1.20), and this was true for each of the schedules tested
individually. The mean error was 0.009%±0.17%, R2¼ 0.999.
Tattersall time constant versus modeled eKt/V
The mean Tattersall estimate for eKt/V, calculated using the
30.7 min time constant as described below, was 1.33±0.44
and this agreed very closely with the modeled value
of 1.33±0.47, Tattersall eKt/V¼ 1.001 . modeled eKt/V,
R2¼ 0.999. When the Tattersall estimate for eKt/V was
used in Equation 1 when both Kru and UF were zero, the
prediction of modeled stdKt/V continued to be excellent.
Effect of volume changes
In this analysis we modeled the 224 sessions, but set only Kru
to zero. Modeled stdKdt/V was then compared with stdKt/V
from Equation 1. In this analysis the eKt/V values used in
Equation 1 included the effects of volume removal, and hence
the stdKt/V values predicted by Equation 1 were higher than
in the first analysis in which both Kru and UF had been set to
zero. However, the stdKt/V values predicted by Equation 1
were now moderately lower than modeled values and this was
true for all schedules examined. We plotted the percentage
difference between the modeled stdKdt/V and the estimate
from Equation 1 as a function of the fractional weekly fluid
gain (UFw/V). The resulting data seemed to be grouped by
dialysis frequency, and hence we plotted the values separately
for 3 versus 6 sessions per week. The results are shown in
Figure 1a (3/week) and 1b (6/week).
Prediction equation for stdKdt/V based on UFw/V
On the basis of these regressions, we developed a prediction
equation for the dialysis component of stdKt/V (stdKdt/V)
that incorporates Ufw, in which S is the result from the
Table 1 | Characteristics of modeled patients (224 modeled sessions)
Group 1 2 3 4
N (dialyses) 50 49 81 44
N (patients) 50 49 81 22
Group description Baseline daily Baseline nocturnal Daily Nocturnal 6 per week
Watson V (l) 39.0±7.2 41.5±8.9 39.8±8.2 45.7±11
Kru (ml/min) 0.24±0.56 1.80±2.1 0.35±0.72 1.1±1.7
Frequency 3 3 6 6
Td (min) 219±28 235±30 147±18 401±43
UFw (l/week) 10.4±3.7 6.58±4.1 12.4±5.8 13.5±6.8
Kd (ml/min) 272±31 238±32 277±23 170±22
Modeled V (l) 36.4±11 37.4±11 36.4±9.7 37.9±11
spKt/V (/session) 1.67±0.37 1.53±0.30 1.21 ±0.20 1.99±0.87
eKt/V (/session) 1.46±0.34 1.35±0.27 0.99±0.16 1.86±0.84
stdKt/V 2.59±0.34 2.74±0.43 4.11±0.46 6.16±1.29
sdtKdt/V 2.54±0.34 2.37±0.24 4.04±0.44 5.92±1.18
Est. stdKt/V (Leypoldt (Equation1)) 2.34±0.24 2.27±0.21 3.86±0.38 5.56±0.92
Abbreviations: Kru, residual kidney urea clearance; stdKt/V, standard Kt/Vurea; UFw, weekly fluid removal. Data are mean±s.d.
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Figure 1 |Underestimation of standard Kt/Vurea (stdKt/V)
resulting from application of the simplified Equation 1 with
residual renal urea clearance (Kru) set to zero, as a function of
weekly fluid removal (Ufw). eKt/V used in Equation 1 did include the
effects of volume removal. (a) Three treatments per week. Regression
equation: %Error¼24.0 .UFw/V, R2¼ 0.991, and (b) six treatments
per week. Regression equation: %Error¼12.45 .UFw/V, R2¼ 0.950.
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uncorrected simplified Equation 1,4 F is the frequency
(sessions per week), UFw is the weekly fluid gain between
dialyses, and V is the modeled two-pool postdialysis volume:
stKdt=V¼S=ð1  ð0:74=FÞ . UFw=VÞ ð2Þ
In a sensitivity analysis for the frequency term in Equation 2, we
did a similar analysis in 22 Frequent Hemodialysis Network
(FHN) sessions in which nocturnal dialysis was given for 4 nights
per week (because of patient preference). A plot of the data
similar to Figure 1 had a slope of21.3 and an R2 value of 0.953.
This slope (after dividing by 100) was similar to the fractional
slope of 0.185 predicted by Equation 2 (0.74/4¼ 0.185). None
of our patients were dialyzed on a twice-weekly schedule,
and hence we included 20 patients undergoing 3 per week
conventional treatments and simulated their BUN profile for a
2 per week, Monday–Thursday schedule, using their previously
modeled values for V, G, UFw, and the same Kd and treatment
time. In this simulation, a plot similar to Figure 1 (data not
shown) had an R2 value of 0.98, and a slope of 33.8; this slope
(again, after dividing by 100) was similar to the predicted value
by Equation 2 for twice-weekly dialysis (0.74/2¼ 0.37).
We then used Equation 2 to estimate stdKdt/V (Kru being
set to zero) in all of the 224 sessions and compared this with
the modeled values. Again, the eKt/V term used in the S term
(Equation 1) of Equation 2 included the effects of volume
removal. The results are shown in Figure 2.
Contribution of Kru to the modeled stdKt/V
In 45 sessions in which Kru was 41.5 ml/min, formal
modeling was used to compute both stdKt/V and stdKdt/V
(stdKt/V in the absence of Kru) as described above. When the
two were converted back to ml/min clearances (stdK and
stdKd) and when these were subtracted from one another, the
difference was substantially less than the input value of Kru.
The difference accounted for only approximately 70% of the
Kru. The fractional expression of Kru (fKru) was defined as
(stdK–stdKd)/Kru. Table 2 shows mean values of fKru for
each of the schedules, in the range of 0.70–0.76, being highest
for the six per week daily sessions.
The fKru value was strongly, inversely associated with Kt/V.
The association was strongest for spKt/V (Figure 3).
Prediction equation for fKru
The relationship between fKru and spKt/V fit an expression
of the form:
fKru ¼a=ðspKt=VþbÞ  a=bþ 1 ð3Þ
The fit of the existing patient data was best estimated
using separate pairs of coefficients a and b for three per week
(a¼ 1.099, b¼ 1.703) and six per week (a¼ 0.849,
b¼ 1.531), in which case the R2 value between modeled
and estimated fKru was 0.947. Simulation analyses showed
that constant values could be chosen for ‘a’ and ‘b’ that would
adequately represent this relationship for all schedules
between three and seven per week. The final coefficients
chosen were simple linear averages of those fit for the three
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Figure 2 |Results of the new simplified equation (Equation 2)
for stdKdt/V versus modeled stdKdt/V. Data show all patients
and sessions, including 3 and 6 treatments per week. In all of
these cases residual renal urea clearance (Kru) was set to zero.
Estimated stdKdt/V¼ 0.998 .modeled stdKdt/V, R2¼ 0.999.
Table 2 | Patients with Kru 41.5ml/min
Group 1 and 2 3 4
Group description
Baseline daily
or nocturnal Daily Nocturnal 6/week
N (dialyses) 22 7 16
N (patients) 22 7 8
stdKt/V (per week) 3.03±0.47 4.40±0.31 6.40±1.30
stdKdt/V (per week) 2.30±0.29 3.94±0.21 5.84±1.19
stdK (ml/min) 10.6±2.33 16.8±2.34 22.6±2.26
sdtKd (ml/min) 8.13±1.83 15.1±2.51 20.6±2.89
stdK  stdKd (ml/min) 2.50±1.42 1.69±0.66 1.97±1.55
Kru (ml/min) 3.54±1.86 2.22±0.84 2.73±1.91
fKru 0.700±0.041 0.754±0.014 0.701±0.048
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Figure 3 |The fraction of residual urea clearance (Kru)
included in stdKt/V (fKru) correlated inversely with spKt/V.
The data shown include all sessions and schedules in which
Kru was 41.5ml/min (n¼ 45). The curved line represents results
of the prediction equation (Equation 3) described in the text.
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per week and six per week data points, namely, a¼ 0.974 and
b¼ 1.617. Application of these coefficients allowed further
simplification of Equation 3 to:
fKru ¼ 0:947=ðspKt=V þ 1:62Þ þ 0:4 ð4Þ
Figure 4 shows the estimated fKrU using Equation 4
versus modeled fKru.
Test of Kru correction for schedules or clearances not used in
the FHN patients
Because the FHN data set did not include patients with 2/
week dialysis, patients with very low Kd, or 3/week nocturnal
schedules, we modeled the weekly BUN profile for these three
schedules using urea kinetic equations, and computed stdKt/
V using both the formal model, and as stdKdt/Vþ fKru .
Kru . 10,080/V, in which fKru was calculated according to
Equation 4. Inputs to this simulation were: V¼ 35 l,
g¼ 7 mg/min, and Kru¼ 6 ml/min. The results are given in
Table 3. It can be observed that the estimated stdKt/V using
Equation 4 to adjust the Kru contribution was quite close to
the modeled stdKt/V for each of the three schedules tested.
In further sensitivity analyses performed using various
simulations of schedules from 3 to 7/week, one exception was
noted; when a particular schedule had poorly spaced
treatments, for example, if 4 sessions per week were given
on Monday, Tuesday, Wednesday, and Saturday, the fKru was
still related to spKt/V, but was 0.05–0.10 higher than that
predicted by the coefficients used in Equation 4.
Evaluation of a new prediction equation for stdKt/V that
corrects for both UFw and V
Combining Equation 2 with Equation 4 gives a slightly more
complex but explicit equation for calculating stdKt/V that
accounts for both UFw and Kru:
stKt=V¼S=ð1  ð0:74=FÞ . UFw=VÞ
þKru . ð0:974=ðspKt=V þ 1:62Þ þ 0:4Þ . 10; 080=V
ð5Þ
in which S is the result of Equation 1, F is the number of
sessions per week, UFw is the weekly fluid removal in liters,
spKt/V is the single-pool Kt/V, and V is the urea distribution
volume. We used this equation in all 224 sessions to compute
estimated stdKt/V and compared it with the modeled value.
The results are shown in Figure 5.
stdKt/V prediction equation (Equation 5) using different
values for eKt/V and V
We then evaluated the new equation under three sets of input
data: (1) using modeled eKt/V to compute S and modeled
two-pool V for the volume and Kru adjustments; (2) using
the Tattersall eKt/V estimate with a time constant of 30.7 min,
and an estimate of two-pool V, calculated from single-pool
V as described in the Appendix, and (3) using an adjusted
Tattersall eKt/V estimate for S and 0.90 . Watson anthro-
pometric V. The rationale was that the Tattersall eKt/V and
adjusted single-pool V could be used to enhance a program
that calculates only single-pool urea kinetics, whereas the
Watson V could be used with an estimated spKt/V without
the need for any kinetic modeling program.
The modeled V (two-pool) averaged 37.0±10.3 l, the
single-pool V was 36.8±10.2, and the estimated two-pool
V was 36.5±10.2. Although the mean values for single-pool
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Figure 4 |Predicted (using Equation 4) versus modeled
fraction of residual urea clearance (fKru).
Table 3 | Test of prediction equations for fKru and stdKt/V using schedules or clearances outside of the FHN data set
Frequency Kd (ml/min) Td (min) spKt/V eKt/V stdKt/V Est_stdKt/V fKru Est_fKru
Twice a week
2 256 180 1.325 1.109 2.605 2.558 0.758 0.731
2 256 360 2.443 1.893 2.953 2.874 0.686 0.640
Very low Kd (100ml/min), 6/week
6 100 120 0.427 0.320 3.196 3.174 0.888 0.876
6 100 480 1.472 1.302 6.276 6.233 0.740 0.715
3/Week nocturnal, lower and higher Kd
3 180 420 2.126 1.927 3.867 3.895 0.643 0.660
3 280 420 3.105 2.859 4.127 4.134 0.602 0.606
Abbreviations: FHN, Frequent Hemodialysis Network; fKru, fractional expression of Kru; Kru, residual kidney urea clearance; stdKt/V, standard Kt/Vurea.
V=35 l, g=7mg/min, no fluid removal. Kru=6ml/min. Est_stdKt/V using Equation 4 and the input value for V and the Tattersall estimate of eKt/V.
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V and estimated two-pool V were similar, the correlation
between the estimated two-pool V and modeled two-pool
V was 0.992, higher than that between single-pool V
and modeled two-pool V (R2¼ 0.921). Watson V was
substantially higher than any of the modeled values at
41.1±8.9 l, and the correlation (R2) with modeled V was
only 0.585. For this reason we used 0.90 . Watson V in the
estimating equation. Results are shown in Table 4. All data
(n¼ 224 sessions) were used in these comparisons.
It can be observed that there was only minimal loss in
accuracy (in terms of absolute value percent error) when the
Tattersall estimate of eKt/V and the V1p-derived estimate of
V was used (0.40–0.72, respectively). When 90% of the
Watson V was used, the mean stdKt/V values were similar
to modeled, but the absolute value of the percent error
increased by 2–3 fold (0.40–1.59).
DISCUSSION
Standard Kt/Vurea is defined as a hypothetical continuous
clearance in patients receiving intermittent hemodialysis that
is based on predialysis BUN; more specifically, it is computed
as G/(mean preBUN).1–5 The calculations needed to deter-
mine both G and mean pre-BUN require formal modeling of
urea kinetics. A simplified equation to estimate standard Kt/V
from single-pool Kt/V was originally developed by Gotch2,3
and further simplified using eKt/V by Leypoldt,4 and then
further developed by Gotch and Keen.5 The equation
proposed by Leypoldt4 to estimate stdKt/V is almost perfectly
accurate, as long as no fluid is removed and the patient has
no residual kidney function. This is not surprising, as it was
developed using a fixed-volume model for Kt/V, and was
never intended to include residual native kidney clearance.
Why was this equation, which was developed assuming
equally spaced treatments during the week,1–5 so very
accurate even when dialysis treatments were spaced irregu-
larly throughout the week? It turns out that stdKt/V is not at
all sensitive to dialysis treatment spacing; high predialysis
BUN values occurring after a long interdialytic interval
average out with lower predialysis BUN values after short
intervals, keeping the mean preBUN value almost the same.6
We believe that this lack of spacing sensitivity of stdKt/V is
precisely what gives Equation 1 such amazing accuracy as
long as no fluid is removed.
Our data confirm Leypoldt’s observation that the effects of
fluid removal increase the value for stdKt/V above those
predicted by his simplified equation.4 Fluid removal will
increase both the spKt/V and eKt/V, but this volume error in
the simplified equation occurs despite the fact that the effects
of fluid removal are included in the eKt/V. We determined
that this increase in stdKt/V is directly proportional to the
weekly amount of fluid removed and inversely proportional
to the modeled urea volume; moreover, we found that when
fluid removal is expressed as a weekly quantity, the error also
depends on the frequency of dialysis sessions (Figure 1a
and b). We derived a correction factor for the contribution
of fluid removal, which worked well for all schedules tested
(Equation 2 and Figure 2) to predict the stdKt/V achieved
with dialysis, which we designate as stdKdt/V.
How important is the effect of volume change clinically?
To put this in perspective, see Figure 1, showing the effects of
ultrafiltration on the underestimation of modeled stdKdt/V
by the uncorrected simplified equation. A typical UFw (weekly
fluid gain) might be 10 l per week (Table 1) and an average
patient volume is 40 l, and hence typically approximately 10/40
or 25% is removed each week. From Figure 1, one can see that
in typical patients treated three times per week the under-
estimation of stdKdt/V is approximately 6%. For patients
treated six times per week, the underestimation is half that
amount, approximately 3%, although such patients tend to
ingest more fluid (Table 1), mitigating the difference. In the
2006 update of the KDOQI (Kidney Disease Outcomes
Quality Initiatives) guidelines,7 the minimum recommended
(‘adequate’) level of stdKdt/V was suggested to be 2.0.
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Figure 5 |Overall agreement between estimated and modeled
standard Kt/Vurea (stdKt/V). The Tattersall estimate of eKt/V
(with time constant¼ 30.7min) was used to compute S (through
Equation 1). S was then modified according to Equation 5 to
correct for ultrafiltration and residual urea clearance. The V term
used in Equation 5 in this instance was derived from single-pool V
as described in the Appendix. All 224 sessions are included.
Regression equation: y¼ 0.997x. R2¼ 0.999.
Table 4 | Predicting stdKt/V using Equation 5 and different values for eKt/V and V
Method eKt/V, V sources StdKt/V R2 % Error (mean±s.d.) Absolute value % error (mean±s.d.)
Modeled Modeled 3.86±1.42 Ref Ref Ref
Equation 4 Modeled eKt/V, V 3.85±1.40 0.997 0.077±0.58 0.40±0.42
Equation 4 Tattersall eKt/V, V per Appendix 3.87±1.40 0.998 0.44±0.76 0.72±0.52
Equation 4 Tattersall eKt/V, 0.90 .Watson V 3.84±1.36 0.994 0.075±2.29 1.59±1.64
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This was based on use of the Gotch and Leypoldt fixed-
volume equations to model a conventional three per week
schedule with a spKt/V of approximately 1.2. However, when
urea modeling is used, the stdKdt/V of such a schedule with
typical values of UF is approximately 6% higher. With a
3/week dialysis schedule, an approximately 20 min increase in
dialysis time is required to increase stdKt/V by 6%. Hence,
when stdKt/V is computed by modeling, an appropriate
KDOQI minimum target value for stdKdt/V should be
approximately 2.12 per week instead of 2.0.
It might be argued that the error in stdKt/V due to volume
removal is due simply to dilution of the predialysis BUN
during the interdialytic period. This becomes to an extent a
philosophical discussion, but when one believes in concen-
tration-dependent toxicity, it should not matter whether the
concentration of a uremic toxin is reduced by adding water to
a system, or by removing some of the toxin using dialysis.
With regard to Kru, Gotch and Keen first quantified the
effect of Kru to lower the predialysis BUN in twice and thrice
weekly hemodialysis8 and subsequently derived a series of
frequency-specific, generalized equations5 to calculate stdKt/V
over wide ranges of combinations of continuous Kru, eKt/V,
and frequency of intermittent hemodialysis. The solutions
were based on formal variable volume simulations of single-
pool UKM and use of the Tattersall equations to correct for
double-pool effects on V, BUN, and PCR. These researchers
calculated the stdKt/V with values for V, PCR, Kru, and
equally spaced hemodialysis treatments with fluid removal
reduced to zero in an attempt to separate dilution effects
from clearance effects on BUN. They considered that stdKt/V
calculated with constant body water content more closely
approximates clearance in continuous ambulatory peritoneal
dialysis and normal renal function. As they excluded volume
change effects on BUN, a detailed comparison of their
equations with variable volume-derived values for stdKt/V
could not be performed. However, when fluid removal was
set to zero, the equations suggested by Gotch and Keen did
predict the stdKt/V with reasonable accuracy (data not
shown).
In the present analysis of Kru, we found that, whether a
fixed or variable volume kinetic model is used, the Kru is not
fully counted in terms of stdKt/V. The degree of compression
is related to the treatment Kt/V, and the fractional expression
of Kru, fKru, can be predicted based on single-pool Kt/V with
good accuracy for all treatment schedules tested. This allowed
for the creation of a new simplified equation for stdKt/V that
gives results similar to those using formal modeling, even
when both UF and Kru are present in substantial amounts.
The explanation for the incomplete addition of residual
urea clearance to stdKdt/V is straightforward. Because
G/(mean preBUN) is the basis for stdKt/V, selecting the
average predialysis BUN instead of the time-averaged BUN
as the denominator for the clearance expression results in a
downsizing of clearance that is applied to both dialyzer and
residual kidney urea clearances. The downsizing of residual
kidney urea clearance reduces it to approximately 70% of its
true measured value. To support this explanation, the ratio of
time-averaged BUN value/(mean preBUN) was very similar
in magnitude to fKru in the cases examined. With stdKt/V,
one is, in effect, considering Kru as urea recovered in the
urine divided by the mean predialysis BUN, rather than by
the time-averaged BUN during the collection period. This,
however, is no longer Kru, and it may be inappropriate to
‘compress’ residual kidney urea clearance in this manner.
Given the strong importance of Kru to solute and water
removal as well as patient survival,9–11 whether 70 or 100% of
measured Kru should be added to stdKdt/V is a matter of
discussion and debate. One could make a strong case that
Kru is ‘worth’ at least as much as any equivalent amount of
dialysis clearance, and that devaluing the Kru component by
compressing it may not be the best idea.
In terms of minimum adequacy standards, should one
target a stdKdt/V, or a total stdKt/V that includes residual
kidney function? Whether 70 or 100% of Kru is added to
stdKt/V, moderate levels of Kru will have a large mathematical
effect on total delivered stdKt/V. In the 2006 update to the
KDOQI guidelines, a cautious approach regarding hemo-
dialysis dose adjustment in patients with Kru was used. The
opinion-based clinical practice recommendations were to allow
only limited reduction of minimum stdKdt/V in patients with
levels of Kru 42 ml/min,7 and to not reduce stdKdt/V when
Kru waso2 ml/min. Although we believe these are reasonable
recommendations, there is not sufficient outcome-based evidence
for establishing a definitive guideline at this time.
In summary, we have shown that the simplified equation
for stdKt/V proposed by Leypoldt, based on earlier work by
Gotch, can be modified to determine values for stdKt/V that
agree very closely with formally modeled stdKdt/V in patients
with substantial changes in volume during the week. We
further developed a method for adding Kru to stdKt/V, and
explored the sources of Kru downsizing in the urea kinetic
model when intermittent dialysis clearances are reduced to
their continuous equivalent expressed as stdKt/V.
MATERIALS AND METHODS
A sample of 245 urea modeling sessions from subjects enrolled in
the FHN trials was analyzed. The ongoing FHN trials are a pair of
studies comparing conventional 3 per week in-center hemodialysis
with ‘daily’ (6 per week) in-center dialysis, and conventional 3 per
week home dialysis with 6 per week nocturnal home hemodialysis.
The design of this study has been described in detail elsewhere.12,13
For this report, we included the initial baseline modeling sessions
conducted during conventional 3 per week dialysis in random subsets
of 50 subjects enrolled in the daily trial and 50 subjects from the
nocturnal trial. We also included the first follow-up modeling session
after the first month of follow-up for 85 subjects undergoing 6 per
week dialysis in the daily trial, and 60 dialysis sessions in 25 subjects
undergoing 6 per week dialysis in the nocturnal trial. Sessions with
430 min of interruption time were excluded before selection of
these subsets. More than one session was included per patient for the
nocturnal treatment evaluation to increase sample size in this group.
In all, 21 modeling sessions were excluded before subsequent
analysis. In two cases the urea reduction ratio was too high to model
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due to an obvious laboratory error. Because of the likelihood that an
error had been made in collecting the data, we excluded 14 sessions
in which the modeled to anthropometric (Watson14) volume ratio
was o0.6 as well as 5 sessions in which the ratio was 41.4.
Total standard Kt/V and ‘dialysis’ standard Kt/V (stdKdt/V)
The urea distribution volume (V) and urea nitrogen generation rate
(G) were computed for each session using the two-pool iterative model
of urea kinetics.9,13,15 We assumed that the rate of fluid accumulation
was constant between dialysis sessions, and that fluid removal during
each treatment was adjusted to reach the same postdialysis body weight
as in the modeled session. The total standard clearance, stdK, was then
computed as G/(mean preBUN), in which mean preBUN was the
average predialysis whole body water urea nitrogen concentration and
in which G incorporated the effects of both dialysis and Kru. Total
stdKt/V was then computed as stdK  10,080/V.
To compute ‘dialysis’ standard Kt/V, excluding the effects of Kru,
the assumption was made that the same patient undergoing the
same dialysis schedule and with the same values for V and G had
zero Kru. Using the same urea kinetic model, a new weekly urea
profile was generated for the patient under these conditions.
‘Dialysis’ standard Kt/V (stdKdt/V) was then recomputed as
G/(mean preBUN)  10,080/V, in which mean preBUN was now
higher in the absence of Kru. Because mean preBUN is then higher,
this results in a lower value for G/(mean preBUN), and thus stdKd is
lower than stdK (see also note 3 in the Appendix).
Simplified equation for stdKt/V
The simplified equation for stdKt/V previously described by
Leypoldt4 was evaluated:
stdKt=V¼ 10; 080
1eeKt=V
t
1eeKt=V
eKt=V þ 10;080Ft  1
ð1Þ
in which eKt/V is the modeled equilibrated Kt/V per dialysis, t is the
treatment time in minutes, and F is the frequency of treatments per
week. Equation 1 can be solved using either a modeled or an
estimated value for eKt/V. To estimate eKt/V from spKt/V we used
a modified version of the Tattersall method.15,16 In our two-pool
model, based on an analysis of postdialysis urea rebound in the
Hemodialysis (HEMO) study,15 we assumed that the intercompart-
ment urea clearance in ml/min was 0.016 times the postdialysis V in
ml. The modification of the Tattersall time constant from 35 to
30.7 min was also based on that analysis. When Equation 1 was used
to predict stdKt/V during dialyses with significant UF, the model
used to compute eKt/V included the effects of UF. As is customary,
intradialytic Kru was not included in the single-pool Kt/V.
Estimated two-pool volume
Some of our modifications to the simplified equation required an
estimate of the modeled two-pool V, but often users have access
to one-pool V (V1p) only. Accordingly, we computed a value for
estimated two-pool V from V1p, using a previously described
method17 that was also used for analysis of the HEMO study
data and in the design of the FHN Daily and Nocturnal trials.13,14
The method is detailed in the Appendix.
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Appendix
Method of adjusting single-pool volume to estimated
two-pool volume
The method of Daugirdas and Smye17 is used. The basic
adjustment is to divide single-pool volume (V1P) by a
volume ratio (VRATIO) to get the two-pool volume (V2P).
The latter is a function of Cpre and Cpost (pre- and
postdialysis BUN) and Ceq (whole body postdialysis BUN):
VRATIO ¼Math:logðCPOST=CEQ  CPRE=CPOSTÞ
=ðCPOST=CEQ  Math:logðCPRE=CPOSTÞÞ;
V2P est ¼ V1P=VRATIO;
Cpre and Cpost are known. An estimate of Ceq can be
obtained from the single-pool Kt/V (spKt/V) and adjusted
Tattersall estimate of equilibrated Kt/V (eKt/V). The approach
makes the assumption that eKt/V divided by ln(Cpre/Ceq) is
equal to spKt/V divided by ln(Cpre/Cpost). In these equations,
Math.log(x) is ln(x), and Math.exp(x) is ex.
EKTV ¼ SPKTV  ðT=ðT þ 30:7ÞÞ;
AFACTOR ¼ SPKTV=ðMath:logðCPRE=CPOSTÞÞ;
LOGCEQ ¼ Math:logðCPREÞ  EKTV=AFACTOR;
CEQ ¼ Math:expðLOGCEQÞ;
This method is not perfect in that it does not completely
correct the volume when the URR is very low.
Method of calculating the weekly fluid removal rate (Qfw)
The simple (approximate) method is to take the fluid
(weight) loss for the current dialysis treatment and multiply
it by the number of treatments per week. A more accurate
method (because fluid lost during a particular treatment
depends on the length of the interdialytic interval preceding
that treatment) is to compute the interdialytic fluid accumu-
lation rate/min as the by the fluid loss (in ml) during the
modeled dialysis session divided by the number of minutes
during the interdialytic interval preceding the modeling
session. The weekly weight loss is then 10,080 minus the
dialysis session length  number of sessions per week
multiplied by the interdialytic fluid accumulation rate/min.
The more accurate method was used in the calculation
of UFw.
On the validity of estimating the dialysis component
of stdKt/V by setting Kru to zero
This maneuver works with stdKt/V, but does not, in fact,
work with the Casino measure of G/TAC equivalent
clearance,18,19 because the presence of Kru reduces the blood
concentration during the dialysis period, reducing the mass
of urea removed. With stdKt/V, because there is a difference
in the ratio of TAC/mean pre with and without Kru, this
difference almost completely compensates for the difference
in time-averaged BUN during dialysis with and without Kru.
The issue of adding Kru to the Casino Lopez equivalent
dialysis clearance will be the subject of another paper.
644 Kidney International (2010) 77, 637–644
or ig ina l a r t i c l e JT Daugirdas et al.: A method of calculation of stdKt/V
